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Electron-Acoustic Solitons in Magnetized Collisional Nonthermal Plasmas
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The properties of obliquely propagating dissipative electron-acoustic solitary waves (OPdEASWs)
have been investigated in a magnetized collisional superthermal plasma consisting of inertial cold
electrons, inertialess hot electrons featuring κ−distribution and static ions via the fluid dynamical
approach. By using the reductive perturbation technique, a nonlinear Schamel equation that governs
the nonlinear features of OPdEASWS is obtained. The solitary wave solution of the Schamel
equation is used to examine the basic features of small, but finite amplitude OPdEASWs in such a
magnetized collisional superthermal plasma. The basic features (width, amplitude, speed, etc.) of
OPdEASWs are found to be significantly modified by the different plasma configuration parameters,
such as the superthermality index, obliquity angle, collisional parameter, trapping parameter, and
external magnetic field. The nature of electrostatic disturbances, that may propagate in different
realistic space and laboratory plasma systems (e.g., in Saturn ring), are briefly discussed.
I. INTRODUCTION
Plasma has different inherent characteristic such as
dispersion, nonlinearity, and dissipation. The local-
ized structure of permanent profile (or solitary waves)
are considered as a consequence of the balance be-
tween the nonlinear and the dispersive effects with
weak dissipation. These nonlinear structures (or soli-
tons) experience dissipation while propagating in the
dissipative plasma medium by changing their ampli-
tude, width, speed, and diminish with time eventu-
ally. The nonlinear propagation of dissipative soli-
tary waves (or dissipative solitons) have received a
great deal of attention in plasma physics [1–5] and also
in nonlinear optics [6–11], because of the real physi-
cal systems in nature are far away from equilibrium,
and exhibit dissipative properties. In plasmas, the
dissipation may arise due to the collisions of various
plasma constituents (e.g., the electron-neutral colli-
sion [12], the ion-neutral collision [13], the dust-ion
collision [13], the dust-neutral collision [12], etc.) or
due to nonlinear landau damping [14] or due to kine-
matic fluid viscosity [15]. It can be mentioned that
the solitons are used for optical fiber communications
[16] because of their excellent nature of stationary pro-
file. In a dissipative system, an external source of en-
ergy (amplifier, amplitude modulator) [17] is needed
to send the original information over a very long dis-
tances in fiber optic communications. The external
energy balances the dissipation, and the initial soli-
tary pulse maintains it’s stability while propagating.
Electron-acoustic waves (EAWs) [18–29], which
may propagate in a plasma containing cold and hot
electrons, where the temperature of hot electrons is
minimum ten times higher than that of cold elec-
trons [20, 25, 27], are seen both in space and labo-
ratory plasma environments [30–33]. EAWs are high
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frequency electrostatic modes, where inertia (restor-
ing force) is provided by the mass density (thermal
pressure) of cold electrons (hot electrons) and ions
only maintain the background charge neutrality of the
plasma. This kind of high frequency wave’s phase
speed lies in the range between the thermal speed of
cold and hot electron species to avoid the resonant
damping [20, 25, 27]. It is noted here that the Landau
damping will be minimized if the plasma medium con-
sists of cold electron populations approximately from
a fifth to four-fifths of the total number of electrons,
and to exhibit the propagation of EAWs is possible
in that plasma. The propagation of EAWs has been
reported in the middle-altitude cusp region [33] by in-
struments on board CLUSTER spacecraft and also in
the laboratory experiment [30]. The computer exper-
iment (numerical simulation) has also confirmed the
propagation of EAWs via the particle-in-cell simula-
tions as a result of beam-driven instabilities [31, 32].
It has also seen that EAWs can be driven by electron
beams in a plasma comprising a hot and a cold elec-
tron population [31, 34]. Therefore, the propagation
nature of EAWs seems to be a growing topic of re-
search interest because of the existence of EAWs in
space and laboratory plasma environments, and the
linear and nonlinear properties of EAWs have already
been investigated by many authors in different plasma
contexts [5, 18–33, 35–42].
Electron trapping is now an observed phenomenon
both in space and laboratory plasmas [38, 43–47],
where some of the plasma particles are confined and
bounce back and forth in a finite region of space.
It is noted that electrons do not follow the thermal
Maxwellian distribution due to the formation of phase
space holes caused by the trapping of electrons in the
wave potential. Particle trapping has already been
confirmed analytically, numerically, space plasma ob-
servation, and laboratory experiments [38, 43, 44, 46–
49]. The electron distribution in the presence of
trapped particles was introduced via the Schamel
vortex-like electron distribution [50, 51] to model the
KdV-like Schamel equation [51–53] for weakly non-
2linear ion-acoustic waves. After that, a large num-
ber of theoretical works [24, 41, 54–58] has been car-
ried out to study the nonlinear wave (solitary waves,
shocks, etc.) properties in different plasma con-
texts in the presence of trapped particles. Recently,
Williams et al. [53], modeled and characterized the
ion-acoustic solitary waves via the Schamel equation
[52] in an unmagnetized electron-ion plasma, while
Sultana et al. in Ref. [59] studied the properties
of obliquely propagating ion-acoustic solitary waves
in a magnetized plasma with κ-nonthermal trapped
electron populations. Likewise, Sultana [45] exam-
ined the obliquely propagating EASWs in collision
free magnetized plasma with trapped superthermal
electrons as well. Shan [34] investigated the dissipa-
tive electron-acoustic solitons in a cold electron beam
collisional unmagnetized plasma with superthermal
trapped elctrons. Mouloud [42] worked with the
EASWs in a magnetized plasma with hot electrons
featuring Tsallis distribution and his findings are rel-
evant to the dayside auroral zone. The influence of
collisions on the dynamics of a cold non-relativistic
plasma has been studied by Brodin and Stenflo [60].
So, we can consider both the effect of magnetic field
and collision in case of EASWs propagation. We are
interested in analyzing the evolution characteristics
of OPdEASWs via the Schamel equation in a magne-
tized collisional plasma with κ−distributed trapped
superthermal electrons. So, relying on our plasma
fluid model, we model the oblique propagation of dis-
sipative EASWs (dEASWs) via the Schamel equa-
tion in a magnetized κ-nonthermal plasma, and ana-
lyze the basic features and evolution characteristics of
OPdEASWs theoretically and numerically. The main
focus here is to investigate the influence of particle
trapping on the dynamics of OPdEASWs, and also to
analyze the effect of ambient magnetic field and the
role of damping parameter on the characteristics of
obliquely propagating electron-acoustic solitary exci-
tations.
The layout of this article is as follows. The theoret-
ical plasma model for electrostatic electron-acoustic
waves are presented in Sec. II. The Schamel equation
for OPdEASWs is derived by adopting the reductive
perturbation method in Sec. III. The solitary wave so-
lution is obtained via the hyperbolic tangent approach
and a nonlinear analysis, depending on the parametric
and numerical investigations, is carried out for small
but finite amplitude OPdEASWs in the sub Sec. III
(A and B). Finally, our theoretical and numerical re-
sults are briefly discussed in Sec. IV.
II. THEORETICAL PLASMA MODEL
The magnetized collisional plasma system con-
sisting of inertial cold electron fluid, noninertial κ-
distributed hot electrons, and stationary ions, is con-
sidered. Thus, the charge neutrality condition for our
plasma model can be written as Zini0 = nc0 + nh0,
where ni0, nc0, and nh0 are the unperturbed number
density of the ions, cold electrons, and hot electrons,
respectively. Zi is the number of protons residing onto
the ion surface. The ambient magnetic field B0 is con-
sidered to lie along the z-axis, i.e., B0 = B0zˆ (here,
zˆ is an unit vector along the z-axis). Thus, in such
a magnetized collisional plasma medium, the dynam-
ics of OPdEAWs, whose phase speed is much greater
than both ions’ and cold electrons’ thermal speed, and
far smaller than hot electrons’ thermal speed, i.e.,
vth,h ≫ vph ≫ vth,i,c, can be described by the fol-
lowing fluid dynamical equations
∂tnc +∇.(ncuc) = 0, (1)
∂tuc + (uc.∇)uc = e
me
∇φ− eB0
me
(uc × zˆ)− νenuc,(2)
∇2φ = 4πe [nc + nh − Zini0] , (3)
where nc (nh) is the number density of cold electrons
(hot electrons). uc, φ, and νen are, respectively, the
cold electron fluid velocity, electrostatic wave poten-
tial, and the cold electron-neutral collision frequency.
me (e) is the mass (magnitude of the charge) of an
electron.
In order to separate the free electrons from the
trapped, we introduce the concept of energy sepa-
ratrix [50, 57, 61]. The energy separatrix occurs at
the point where energy of the electrons Ee equals to
zero. The free electrons have Ee > 0 and for the
trapped electrons Ee < 0. The presence of trapped
electron population is considered via the κ−type non-
Maxwellian (superthermal) distribution function for
the hot electrons [53]
fκt (v) =
Γ(κ)√
2π(κ− 3/2)1/2 Γ(κ− 1/2)
×
[
1 + α
(
v2/2− Φ
κ− 3/2
)]−κ
, (4)
where α = Thf/Tht is a parameter (ratio of the ther-
mal energy of the free hot electrons to the thermal en-
ergy of the trapped hot electrons), which determines
the efficiency of electron trapping [62], κ is the su-
perthermal index which measures the superthermal-
ity of the particles in the distribution function, and
Φ = eφ/Th (in which Th is the hot electron ther-
mal energy). It is essential to mention here that the
Vasyliunas-Schamel distribution function is not valid
for a magnetized plasma in general. However, it is
valid due to the fact that the strong magnetic field
and small mass of electrons, their Larmor radii are
so small as if they flow along the magnetic lines of
force, and do not feel the effect of the external mag-
netic field. The number density of hot electrons fol-
lowing the κ-nonthermal trapped distribution func-
tion ftκ = f
κ
t (v, φ) + f
κ
f (v, φ) [where f
κ
f (v, φ) is the
κ-distribution function for free electrons presented in
details by Hellberg et al. [63], and is valid for two
3ranges of the electron speed, namely (−∞, −√2φ)
and (
√
2φ, ∞)] is given by [53]
nh(φ) =
∫ −√2φ
−∞
fκf (v, φ)dv +
∫ √2φ
−
√
2φ
fκt (v, φ)dv
+
∫ ∞
√
2φ
fκf (v, φ)dv. (5)
Now, the dynamics of such plasma system can be
described by the set of normalized continuity, momen-
tum, and Poisson’s equations in the following forms
∂Tn+ ∇˜ · (nu) = 0, (6)
∂Tu+ (u · ∇˜)u = ∇˜Φ− Ωc (u× zˆ)− νeu, (7)
∇˜2Φ ≃ β(n− 1) +Nh − 1, (8)
where the normalizing and associated parameters are
defined as: Nh = nh/nh0, n = nc/nc0, u = uc/c0 with
characteristic sound speed c0 =
√
Th/me, Φ = eφ/Th,
∇˜ = λDm∇ [in which characteristic Debye length
λDm =
√
(Th/4πe2nh0)], T = tωph in which plasma
frequency ωph =
√
(4πe2nh0/me), Ωc = ωch/ωph with
cyclotron frequency ωch = eB0/me, νe = νen/ωph,
and cold-to-hot electron number density ratio at equi-
librium β = nc0/nh0.
The normalized number density expression of hot
electron species Nh which can be obtained by per-
forming all the integrations in (5) appropriately has
the form
Nh = 1 + S1Φ+ S2Φ3/2 + S3Φ2 + · · · , (9)
where S1, S2, and S3 are given by
S1 = 2κ− 1
2κ− 3 , S2 =
8
√
2/π(α− 1)κ Γ(κ)
3(2κ− 3)3/2 Γ(κ− 1/2) ,
S3 = 4κ
2 − 1
2(2κ− 3)2 .
We note that the number density for κ-distributed
superthermal hot electron species (i.e., Nh ≃ 1 +
S1Φ+ S3Φ2)[28, 64] is recovered for the limiting case
α → 1, and the number density for the vortex-
like Schamel distributed Maxwellian electrons (i.e.,
Nh ≃ 1 + Φ + 4(α−1)3√pi Φ3/2 + Φ
2
2 + · · · ) [51] is recov-
ered for the limiting case κ→∞. That is, the plasma
model under consideration in this manuscript is a gen-
eralized model to analyze the effect of κ superthermal
trapped electrons, trapped Maxwellian electrons on
the dynamical properties of OPdEASWs for different
limiting cases.
III. dEASWs in MAGNETIZED PLASMAS
To study the existence of finite amplitude
OPdEASWs in a magnetized collisional plasma un-
der consideration, the independent coordinates are
stretched as [53, 65]
ξ = ǫ1/4 (lxx+ lyy + lzz − vpt) , τ = ǫ3/4 T , (10)
where ǫ is a negligibly small parameter (0 < ǫ < 1)
which measures the strength of the nonlinearity, vp is
the electron-acoustic wave phase speed normalized by
c0, and lx, ly, and lz are the directional cosines of the
wave vector k having x, y, and z-components, respec-
tively (i.e., l2x + l
2
y + l
2
z = 1). We should note that
x, y, z are all normalized by λDm and τ is normalized
by the hot electrons’ plasma period ω−1ph . To model
the dEASWs, we consider the presence of small damp-
ing in the plasma because of electron-neutral collision
by assuming νe = ǫ
3/2ν. All the dependent physical
quantities n, u, and Φ can be expressed around their
equilibrium values in terms of ǫ as follows
n = 1 + ǫn1 + ǫ
3/2n2 + · · · ,
ux,y = ǫ
5/4 u1x,y + ǫ
3/2 u2x,y + · · · ,
uz = ǫ u1z + ǫ
3/2 u2z + · · · ,
Φ = ǫφ1 + ǫ
3/2φ2 + · · · .

 (11)
We now substitute (9), (10), and (11) into (6)-(8).
The expression for the phase speed (which leads us
to analyze the linear EAW properties) is obtained by
separating the coefficient of the lowest order of ǫ from
the resultant equations (i.e., ǫ5/4 from the continuity
equation and the z-component of momentum equa-
tion, and ǫ from Poisson’s equation) as
vp = |lz|
√
β
(
2κ− 3
2κ− 1
)
= |lz|
√
β/S1 . (12)
It is clear from the equation (12) that the phase
speed vp of EAWs in a magnetized plasma depends on
the obliquity angle θ via θ (= cos−1|lz|), plasma su-
perthermality (nonthermality) via the superthermal-
ity index κ, and also on the cold-to-hot electron num-
ber density at equilibrium β. The variation of vp with
κ for different values of θ is depicted in Figure 1(a),
while the variation of vp with κ for different values of
β is shown in Figure 1(b). It is seen in both panel
of Figure 1 that the phase speed vp is lower in a
strongly superthermal plasma (lower κ) and the phase
speed is higher in a Maxwellian plasma (higher κ),
which agrees with earlier investigations for different
plasma contexts [27, 29, 59, 66]. It is also found that
the phase speed of EAWs in a magnetized superther-
mal plasma decreases with the obliquity angle θ, i.e.,
the phase speed vp is higher for parallel propagating
EAWs whereas lower for obliquely propagating EAWs,
as displayed in Figure 1(a). However, the effect of in-
ertial cold electron number density (via β) on vp is
illustrated in Figure 1(b), in which we can see that
the increase in the inertial cold electron number den-
sity in the plasma medium increases the phase speed
of EAWs in the considered plasma. It is also essential
to mention that the positivity of vp indicates the linear
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FIG. 1: (Color online) Showing the variation of the phase
speed vp versus the superthermality index κ for (a) differ-
ent obliquity angle θ, where cold-to-hot electron number
density at equilibrium β = 0.5, and (b) for different β,
where θ = 10◦.
stability of EAWs for κ > 3/2, 0 < θ < 90◦, and also
for 0.25 ≤ β ≤ 4. We note that we consider the ranges
of density ratio 0.25 ≤ β ≤ 4 [20, 27, 67] for which the
phase of EAWs lies in between the thermal speed of
hot and cold electrons to avoid the resonant damp-
ing, i.e., the propagation of EAWs may not possible
in a plasma medium with cold electron population less
than a quarter that of hot electron population.
The x and y-components of the electric field drift of
the electron fluid, in terms of the electric potential φ1,
can be obtained by separating the y and x-components
of the momentum equation, respectively, are given by
u1x,y = R1x,y∂ξφ1, (13)
where R1x,y = ∓ ly,xΩc and −(+) represents the x and
y-components of the electric field drift of the electron
fluid. The next higher order of ǫ (i.e., separating ǫ3/2
from momentum equation) leading to the x and y-
components of the polarization drift of the electron
fluid in the form
u2x,y = R2x,y∂2ξφ1, (14)
where R2x,y = ∓ vpΩcR1y,x. Following the same proce-
dures (i.e., separate the coefficients of ǫ7/4 from the
continuity and z-component of the momentum equa-
tion, and ǫ3/2 from Poisson’s equation) and eliminat-
ing n2, u2z, and φ2 from the resultant equation, one
can obtain a nonlinear partial differential equation in
the form of Schamel equation as
∂τψ +Aψ
1/2∂ξψ +B∂
3
ξψ + Cψ = 0 , (15)
where we set φ1 = ψ for simplicity. This Schamel
equation represents an evolution equation for the
OPdEASWs in the magnetized collisional superther-
mal plasma under consideration, where the nonlinear
coefficient A, which is responsible for the wave steep-
ening, the dispersion coefficient B, which is responsi-
ble for the wave broadening, and the damping term
C, which is associated with dissipation, are given by
A = −3
4
S2 v3p
β l2z
, (16)
B =
v3p
2l2z
[
1
β
+
(1 − l2z)
Ω2c
]
, (17)
C =
ν
2
. (18)
When the nonlinear term A balances the dispersive
term B, the formation of OPdEASWs is possible, and
thus the basic features of OPdEASWs are analysed
depending on the parametric dependence of these two
terms A and B of the considered plasma system. It is
clearly seen from equations (16), (17), and (18) that
the nonlinear coefficient A (i.e., wave steepening) de-
pends on κ, θ, α and β, on the other hand, the disper-
sion coefficient B (i.e., wave broadening) is an explicit
function of κ, θ, β, and B0 as well as damping term
C is associated with ν. That is, the wave steepen-
ing and broadening both are influenced by κ, θ, and
β, while α has a significant influence only on A and
only the wave broadening (via B) is affected by B0.
The propagation characteristics of EASWs in a mag-
netized collisional superthermal plasma with trapped
electrons are far different than those in an unmagne-
tized collisionless superthermal plasma. We have de-
picted the variation of the nonlinear coefficient A and
dispersion coefficient B with κ for different values of
obliquity angle θ in Figure 2 and for different values
of cold-to-hot electron number density at equilibrium
β in Figure 3.
A. Solitary wave solution for OPdEASWs
To identify the characteristics of the OPdEASWs,
we now find the solitary wave solution of equation (15)
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FIG. 2: (Color online) The nonlinear term A (upper) and
dispersion term B (lower) versus κ (a) where α = 0.5
and β = 0.5 for different θ, and (b) where β = 0.5 and
Ωc = 0.2.
for the magnetized collisional plasma by adopting the
well-known hyperbolic tangent approach [68]. In the
absence of collisional damping (i.e., ν = 0), one may
recover the usual KdV equation for EASWs in a mag-
netized plasma system. We assume a new travelling
coordinate ζ = (ξ − u0τ), where u0 is the wave speed
in the reference frame (normalized by the hot elec-
tron sound speed c0) and imposing the appropriate
boundary conditions for the localized solitary struc-
tures, namely ψ → 0, dζψ → 0, and dζζψ → 0 as
ζ → ±∞, we obtain the steady state solution of (15)
in the following form
ψ(ξ, τ) = ψ0 sech
4
[
ζ
δ
]
, (19)
where ψ0 = (3u0/A) and δ =
√
4B/u0 are height
and width of OPdEASWs, respectively. We recall
that u0 is the incremental speed of OPdEASWs in
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FIG. 3: (Color online) The nonlinear term A (upper) and
dispersion term B (lower) versus κ (a) where θ = 10◦ and
α = 0.5 for different β, and (b) where θ = 10◦ and Ωc = 0.2
for different β.
the reference frame. Therefore, the actual speed of
OPdEASWs in the plasma medium under consider-
ation is u0 + c0, i.e., the solitary wave is basically
super-acoustic by nature. The solitary solution given
in equation (19) will be used as an initial condition to
analyze the dissipative effect on EASWS.
Now, by assuming the presence of weak dissipation
due to the electron-neutral collision, describes via the
Schamel equation (15), one may find the time depen-
dent electric potential electron acoustic solitary exci-
tations in the form [4, 69, 70]
ψ(ξ, τ) = ψm(τ) sech
4
√
Aψm(τ)
12B
[
ξ − A
3
∫ τ
0
ψm(τ)dτ
]
.
(20)
The above equation represents the electric poten-
tial excitations of the OPdEASWs, where the expres-
sions for the time dependent height ψm(τ), width δ(τ),
speed u(τ) are, respectively
6ψm(τ) = ψ0e
−2ντ/3,
δ(τ) =
√
12B
Aψ0
eντ/3,
u(τ) = Aψ03 e
−2ντ/3,


(21)
where ψ0 is the initial pulse amplitude at τ = 0, and
the dissipative term ν measures the damping of the
obliquely propagating solitary waves with time τ .
It is clear in equations (16) and (17) and also seen
in Figures 2 that the nonlinear term A (dispersion
term B) increase (decrease) with the obliqueness (via
θ). However, both A and B go up with the cold-to-
hot electron number density at equilibrium β. That
is, both the amplitude and width of OPdEASWs in-
crease with the increasing values of θ, but the width
approaches zero and the amplitude becomes infinite
when θ → 90◦ for our considered plasma model sug-
gesting that small obliquity angle θ need to be con-
sidered for numerical analysis since the assumption
of large θ for which the waves are electrostatic is no
longer valid, and one should then look for electromag-
netic waves instead of electrostatic ones. It is also
noted that for too strong obliqueness (i.e., for large
θ) the effect of E×B0 (where E is the longitudi-
nal wave electric field) can not be neglected and the
electrostatic character of solitary excitations is vio-
lated [71]. We, therefore, consider small oblique an-
gle, where 0 < θ < 45◦ is considered for our numerical
purposes in the manuscript.
B. Characteristics OPdEASWs
In this section, we are interested in the influ-
ence of different plasma configuration parameters e.g.,
the plasma superthermality, concentration of trapped
electron population, cold-to-hot electron number den-
sity, obliquity angle, external magnetic field, etc. on
the dynamical properties of OPdEASWs in a colli-
sional magnetized plasma system containing trapped
superthermal electron populations. To identify the
nature of OPdEASWs in terms of the different key
plasma parameters, the solitary wave solution (19) is
considered as an initial condition to solve the Schamel
equation (15) numerically via MATHEMATICA.
The nature of OPdEASWs with associated wave po-
tentials in terms of time τ as well as trapping param-
eter α are depicted in Figure 4. We show the effect
of τ on OPdEASWs in Figures 4(a,b), in which the
amplitude (width) of the OPdEASWs decrease (con-
stant) with the increase of time τ , and the Figure 4(c)
indicates that the trapping is stronger for lower values
of α. A strongly superthermal (i.e., lower value of κ)
magnetized collisional plasma is considered to exam-
ine the influence of α, where other plasma parameters
are fixed at τ = 20, θ = 10o, β = 0.5, Ωc = 0.2,
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FIG. 4: (Color online) Showing (a) the nature of the
electron-acoustic solitons in a magnetized collisional non-
thermal (ν = 0.1) plasma for κ = 3, θ = 10◦, α = 0.3, β =
0.5, Ωc = 0.2, and u0 = 0.01; (b) solitons profile for dif-
ferent time τ ; and (c) solitons profile for different α at
τ = 20.
u0 = 0.01, and ν = 0.1. It is clear from equations
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FIG. 5: (Color online) The nature of the dissipative
electron-acoustic solitons in a magnetized collisional non-
thermal plasma for κ = 3, θ = 10◦, α = 0.5, β = 0.5, Ωc =
0.5, u0 = 0.01, and (a) for ν = 0.05 and (b) for ν = 0.1.
(16), (17), and Figure 4(c) that the variation of α
does have significant influence on A but does not have
any effect on B, i.e., the amplitude (width) of the
OPdEASWs in a magnetized collisional superthermal
is significantly influenced (remains same) by the vari-
ation of time (see in Figure 4(b), and the amplitude
(width) is found to rise (constant) with the increase
of α, as shown in Figure 4(c).
We have analyzed the influence of electron-neutral
collision via the collisional parameter ν on the na-
ture of OPdEASWs. To do so, we have first consid-
ered the propagation of solitary solution (19), figure
is omitted here (stable initial solitary pulse maintains
its stability while propagating in a collisionless plasma
medium with contant height and width), in a magne-
tized superthermal collisionless (i.e., ν = 0) plasma at
an angle 10◦ to that of the external magnetic field B0
for κ = 3, α = 0.5, β = 0.5, Ωc = 0.5, and u0 = 0.01.
The same initial pulse (19) were then assumed to prop-
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FIG. 6: (Color online) Showing (a) the dEASWs for differ-
ent Ωc for κ = 3, θ = 10
◦, α = 0.5, β = 0.5, τ = 20, u0 =
0.01 and ν = 0.05; (b) the variation of amplitude ψm and
width δ of dEASWs with obliquity angle θ. Solid curve is
for amplitude ψm and others are for width δ for different
Ωc. Other parameters are fixed at β = 0.5, κ = 3, α = 0.5,
ν = 0.01, and u0 = 0.1.
agate in a magnetized superthermal collisional plasma
(i.e., ν = 0.05) for the same plasma parametric values,
which is depicted in Figure 5(a). On the other hand,
the initial solitary pulse becomes smaller (narrower)
in amplitude (width) with time [see Figure 5(b)] for
ν = 0.1 and eventually diminishes as time passes.
Finally, we have examined the influence of obliquity
angle θ and external magnetic field B0 (via Ωc) on the
basic features of OPdEASWs in Figure 6. We recall
here that both the nonlinear term A (measures the
steepness of waves) and dispersion term B (measures
the broadening of waves) are function of θ, while only
B depends on Ωc – suggesting the constant amplitude
OPdEASWs for different B0 (or Ωc). We have found
that the external magnetic field does not have any
effects on the amplitude of the OPdEASWs, but it
does have significant effect on their width, and their
8width decreases with the increase in the magnitude of
the external magnetic field (see Figure 6), i. e., the
external magnetic field makes the OPdEASWs more
spiky, which agrees with previous research work [29,
56, 59, 66] for different plasma contexts of space and
laboratory plasmas.
IV. DISCUSSION
In this manuscript, we have considered the oblique
propagation of electrostatic dissipative electron-
acoustic solitary waves in a three-component magne-
tized collisional plasma containing inertial cold elec-
trons whose mass density provides the inertia, iner-
tialess nonthermal hot electrons following κ superther-
mal trapped distribution function whose thermal pres-
sure provides the restoring force, and stationary ions.
The electron-neutral collisions, which is considered as
the main source of dissipation, is taken into account.
A nonlinear partial differential equation in the form of
Schamel equation was derived, by adopting the well-
known reductive perturbation technique, to model the
evolution of the OPdEASWs in the plasma medium
under consideration. The dispersive coefficient and
the nonlinear coefficient were found to be positive
for all plasma parameters, i.e., the considered plasma
medium supports only positive potential OPdEASWs.
We have analyzed the effects of different plasma con-
figuration parameters [e.g., the superthermal effect by
κ (in Figure 1), the obliqueness effect via θ in Figures
2 and 6(b), effect of trapped particles via α depicted
in Figure 4(c), the dissipation effect via ν (see Fig-
ure 5), magnetic field effect by Ωc in Figure 6, etc.)]
on the dynamical properties of OPdEASWs. The re-
sults obtained in our theoretical investigation can be
summarized as follows:
1. The basic properties such as amplitude, width,
speed, stability, etc. of OPdEASWs are signifi-
cantly influenced by the intrinsic plasma config-
uration parameters (e.g., plasma superthermal-
ity, the obliqueness, collisional parameter, and
external magnetic field).
2. The phase speed, vp, is seen to higher for par-
allel propagating (i.e., θ = 0o) EAWs than that
for obliquely propagating EAWs (i.e., 0o < θ <
45o), while vp is observed to higher in a more
cold electron populated plasma than that in a
less cold electron populated plasma.
3. The nonlinear term A provides positive (i.e.,
A > 0) for all plasma parametric values such as
the magnetized collisional superthermal plasma
system with two distinct temperature electrons
under consideration may support only the prop-
agation of positive potential electron-acoustic
solitary structures.
4. The amplitude of OPdEASWs decreases in time,
as expected, due to the effect of dissipation.
This is true either for parallel propagation or for
oblique propagation. This is also true either for
nonthermal (strongly superthermal) plasma or
for thermal (Maxwellian or quasi-Maxwellian)
plasma environments.
5. The time dependent electron-acoustic solitary
pulse amplitude is seen to larger, as expected, in
a collision free magnetized superthermal plasma
than in a collisional magnetized superthermal
plasma medium.
6. Larger in amplitude and wider in width electro-
static EASW is observed to form in a magne-
tized collisionless superthermal plasma than in
a magnetized collisional Maxwellian plasma. On
the other hand, the amplitude of OPdEASWs in
a magnetized collisional superthermal plasma is
found to increase with the increase in efficiency
of trapped electron populations, but the width
of OPdEASWs remains constant due to the vari-
ation of trapped electron populations.
7. The width of OPdEASWs is observed to in-
crease (decrease) with the obliquity angle θ ≤
45◦ (θ ≥ 45◦), and the amplitude of OPdEASw
is seen to become zero as θ approaches 90◦ –
suggesting the possibility for the propagation of
electrostatic dEASWs for 0 ≤ θ ≤ 45◦.
8. The effect of external magnetic field does
not have any effect on the amplitude of the
OPdEASWs, but it does have significant effect
on their width, and their width decreases with
the increase in the magnitude of the external
magnetic field which agrees with existing pub-
lished work [29, 56, 59, 66] in different contexts
of space and laboratory plasmas.
To conclude, we may say that our theoretical in-
vestigation should be useful for better understanding
the characteristics of small but finite amplitude lo-
calized electrostatic disturbances that are ubiquitous
in laboratory as well as space plasmas, where two
distinct temperature electron populations are avail-
able, in presence of nonthermal electrons following
trapped superthermal distribution and dissipation due
to electron-neutral collision.
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